Microwave-assisted extraction will probably be the main technique in the near future for industrial essential oil production. Two kinds of new methods for essential oil extracting were used in this paper: microwave-assisted extraction (MAE) and supercritical carbon dioxide extraction (SC-CO 2 ). The steam extraction system was designed by ourselves, according to Chinese Pharmacopoeia. The device has a double advantage of the fast with microwave assisted extraction and of high purification with the Chinese Pharmacopoeia. The optimum extraction conditions for SC-CO 2 were obtained by parallel and uniform design experiments, and searched for the method of purifying product by reduced pressure distillation. The compare of the volatile oils from Lavender from the two extractions was made via gas chromatography. The optimum conditions of Lavender essential oil extracted by supercritical CO 2 extraction process: extraction pressure 22 MPa, extraction temperature 45 , extraction time of 1h, and the factors influence on the extraction rate is: extraction pressure> extraction temperature> extraction time. The yield of the product extracted under the optimal conditions was 4.80%. The results from GC analysis show that: the amount of the component of lavender essential oil is 84 obtained by microwave combination of steam distillation with more than of 0.05% before the retention time of 40 minutes, compared with supercritical received only 65. The microwave-assisted extraction combined steam distillation is a good process for sample pretreatment with convenient operation and high effective ingredient, and is more suitable for analysis. The supercritical carbon dioxide extraction is a good method with high yield, high relative content and large treat amount for industrial production.
Introduction
As we all know, Lavender is one of medicinal plants and aromatic plants, and it contains a wide range of plant essential oils that can be used for medicine, food processing, cosmetics and other industries [1, 2] . At present extraction method of essential oils commonly used is steam distillation and solvent extraction, etc. With the low yield, low purity, toxic solvent residue and other shortcomings, it is difficult to meet the current oil industry to the requirements of high-quality essential oils, so the potential to explore new alternatives has being come a must [3] . Microwave-assisted extraction technology is the best method of extracting high quality essential oils, and is a considerable potential process for development of new extraction techniques. Comparing with traditional methods the method have fast speeding and efficient, environment cleaning and quality excellent advantages, so microwave assisted extraction may become a dominant technology soon in industrial production of essential oils [1] . Supercritical carbon dioxide extraction Abroad (SC-CO 2 ) often used in natural flavor, spices and natural pigment extraction, and mainly the extraction of essential oil. The essential oils from supercritical carbon dioxide extraction need further separation and purification, and that require finding a good way combining with other separation method to improve the separation efficiency [4] . In this paper, combining two kinds of process from general microwave-assisted extraction and steam distillation from the Chinese Pharmacopoeia, we selfdesigned a new method, that is, microwave-assisted steam distillation to extract lavender essential. By experiments of supercritical CO 2 extraction of essential oils of lavender the best extraction conditions have been found, and by gas chromatography lavender essential oil quality from two kinds of extraction process were analyzed and compared [5] [6] [7] . In addition, lavender essential oil obtained from supercritical CO 2 extraction has also been purified by vacuum distillation, and the corresponding data provide a reference for Lavender essential oil industry.
Materials and methods

Reagents and instruments
Lavender (AR, Beijing Chemical Plant); petroleum ether (30 ~ 60 ) (AR, Beijing Chemical Plant); CO2 gas (AR, Beijing Chemical Plant) MAS--type atmospheric pressure microwave-assisted synthesis / extraction reactor (Shanghai Xinyi Microwave Chemistry Technology Co, Ltd.); volatile oil extractor (self-made); 200 g portable high-speed Chinese medicine grinder DFT-200 (Dade Chinese Machinery Co, Ltd. Wen ling City); gas chromatography -mass spectrometry GC-MS (6890N/5973N); Hua an HA121-50-02 supercritical extraction unit (SFE Nantong Hua an Co, Ltd.)
Experimental methods
Supercritical CO 2 extraction
Process and conditions: the lavender powder into the extraction tank, the analytical pressure 6.5 MPa, temperature at 45 to 20 L / h flow leads to CO 2 , the extraction of the set pressure and temperature conditions, extract a certain time after the release of the tank from the analysis extracts.
Supercritical CO 2 extraction of pressure product was distilled: first the atmospheric distillation, condensation through cold water, ice water bath to accept bottles, a distillation to 90 , after vacuum distillation. When the pressure stabilized at 20 mmHg, it was gradually warming to distillation to 90 .
Microwave-assisted steam distillation
Lavender powder was weighed accurately 25g and putting it into 500 ml round bottom flask; add 300 extraction ratio%
Extraction pressure MPa ml saturated salt water, soaking 2 h. As for the microwave reactor, to the volatile oil extractor was added 2 ml petroleum ether. And microwave heating 2 h, set the temperature about 105 to return to 1 -2 drops per second.
Analysis
GC-MS analysis conditions: column: HP-5 Capillary column (30 m × 0.25 mm × 0.25 m Agilent Technologies); injector temperature 300 ; to maintain the initial temperature of 50 1 min to 5 / min to maintain temperature programmed to 250 5 min. Carrier gas helium; flow rate: 1 mL / min; split ratio 50:1; FID detector; injection volume 1mL.
Experiment results and discussion
Single factor of extracted experiments of Lavender essential oil
Pre-experiment study found that lavender essential oil extraction rate and its extraction pressure, extraction temperature and extraction time are related, so first through the single factor study of supercritical CO2 extraction of lavender essential oil process conditions.
Lavender essential oil extraction pressure on extraction yield
Fixed extraction temperature is 35 , extraction time is 1h, selection pressures are 16, 19, 22, 25 and 28 MPa for extraction, extraction rates were 2.00%, 3.16% , 4.00%, 3.56%, 3.36% (see Figure 1, (a) ). Figure 1 shows that, when the pressure is 22 MPa, the extraction is better. Under this pressure, the more complete extraction of the volatile oil extraction rate is relatively high. 
Impact of extraction temperature on yield of Lavender essential oil
Fixed place of extraction pressure 22 MPa, extraction time 1 h, 35,40,45,50 and 55 were selected for extraction, extraction rates were 4.00%, 4.12% 4.80%, 4.32% and 4.20% (see Figure 1,(b) ). Figure 2 shows: the best extraction temperature is 45 . At this temperature, precipitation amount of lavender oil extraction rate up to the highest.
Orthogonal design for supercritical CO 2 extraction of essential oil
Extraction yield of the main factors for the most to the pressure, temperature, time, and the various factors affect each other. According to the results of single factor to assess indicators of essential oil extraction yield, the selected extraction pressure (MPa), extraction temperature (T), extraction time (t), 3 factors, the extraction of volatile oil was investigated indicators, designed three factors and three orthogonal experiments, factor levels arranged in By orthogonal experiments and data processing (Table 2 ) , it showed: B is maximum range, followed by A and C. the important factor in order is B> A> C, that is, the extraction temperature> extraction pressure> extraction time. Comprehensive visual analysis to determine the supercritical CO 2 extraction of essential oil of lavender optimum conditions, and the result is extraction temperature is 45 , extraction pressure 22 MPa, extraction time 1 h. 
Verification of the best extraction conditions
In order to review the above optimal extraction conditions: extraction temperature 45 , extraction pressure is 22 MPa. 250 g of lavender in the best conditions was extracted 1 h, repeating 3 times the optimum conditions extraction yields were obtained : 4.40%, 4.23%, 4.30%, and the average was 4.31 %, it is comparable with the highest orthogonal yield of 4.35%.
The drying degree effect on extraction yield
In the best extraction conditions: extraction temperature 45 , extraction pressure 22 MPa, extraction time 1 h, samples were selected No. 1: In the dryer to save a year of lavender; 2 samples: 45 drying two and a half hours of new lavender; 3 samples: the new lavender without treatment. Extraction yield was 4.80%, 4.40% and 4.35% (Table 3) . From Table 3 , the greater the drying degree, the higher the extraction yield of lavender, and the less water in extraction product. The reason may be that the water was removed by drying the raw material, and improve active ingredients in the extraction of raw materials, thereby enhancing the extraction yield. From Table 4 , supercritical CO 2 extraction of essential oil of lavender in the extraction yield and extraction time are much better than the microwave-assisted steam distillation method, and from the appearance, The Lavender essential oil obtained from microwave-assisted extraction by steam distillation of is more specific characteristics
The impact of different methods on the extraction yield
Product analysis
GC-MS analysis: By using GC-MS the products was analysized from two kinds of microwave-assisted steam distillations and supercritical CO 2 extraction method, and the results shown in Figure 2 Microwave with steam distillation, the product active ingredients is more richer, and higher relative content of major components, and before 40 min of retention time of lavender essential oil, a large percentage of 0.05% of the composition obtained 84 species of substances by microwave method, compared with Supercritical only 65 types. After 35 minutes of the retention time Supercritical CO 2 extraction has still a considerable number of chemical ingredients with higher boiling point, so the product was an opaque brown liquid, and light yellow transparent liquid can be obtained by atmospheric distillation firstly, then vacuum distillation removing the less volatile components.
Conclusion
Microwave process combined with the steam distillation described in Chinese Pharmacopoeia is an innovative method that combines the advantages of two extraction methods, and the method is convenient. Lavender essential oil extracted was analysized by GC-MS, the result show that active ingredient of the products were more abundant, higher relative content of major components, the method is suitable for employing to analysis and study, and also is an excellent method of sample pre-treatment. Supercritical CO 2 extraction (SFE) finalized the optimum conditions: extraction pressure 22 MPa, extraction temperature 45 , extraction time 1 h. Various factors on the yield impact of lavender essential oil: extraction pressure> extraction temperature> extraction time. Under optimal conditions the product yield was 4.80%. The process conditions are better than that reported before. Experimental results show that: Lavender oil from supercritical fluid extraction is free of impurities and residual solvents with high yield of volatile oil and large amount, and it is suitable for industrial production. By vacuum distillation, the crude product can be further purified to get light yellow transparent liquid, and the process is easy to operate method and also is feasible.
